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(54) Title: GAS DISTRIBUTION APPARATUS 

(57) Abstract 

A gas distribution apparatus (10) for delivering a gaseous substance to a chamber (12) for processing semiconductor wafers (22). 
The apparatus (10) includes at least one plenum (46, 48) formed for receiving a gaseous substance, a plenum body (40) mountable to the 
chamber (12) and having at least one conduit (54, 56) formed therein and a nozzle structure (70) removably mounted to the plenum body 
(40). The conduit (54, 56) is coupled to the plenum (46, 48) for delivery of the gaseous substance to the plenum (46, 48) and the nozzle 
structure (70) has a plurality of nozzles (34) coupled to the plenum (40) and configured for injection of the gaseous substance into the 
chamber (12). 
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GAS DISTRIBUTION APPARATUS 

BRIEF DESCRIPTION OF THE TNVFNTTnM 

This invention relates in general to system for distributing gaseous substances and, 

more particularly, to a gas distribution ring for semiconductor wafer processing systems. 

BACKGROUND OF THE INVENTION, 

The processing of semiconductor wafers is typically accomplished by positioning the 

wafer in a chamber and subjecting the surface of the wafer to various chemical 

substances. The chemistry of the substances depends upon the type of processing 

employed as well as the nature of the devices formed on the surface of the semiconductor 

wafer. The chemical substances are generally delivered to the chamber either in gaseous 

form or with a carrier gas. With some processes, the formation of the film layers on the 

wafer surface is enhanced using high density plasma. 

Various systems have been used to deliver the gaseous substances to the processing 

chamber. One type of gas delivery system employs a stainless steel ring vertically spaced 

above the exposed surface of the wafer. The gaseous substance flows through nozzles 

mounted to the ring and into the processing chamber toward the wafer surface. Another 

type of device includes a manifold which extends across the wafer surface. The manifold 

has a plurality of nozzles or holes for showering the wafer with the gaseous substances 

required for the chemical process. 

Repair and maintenance of the available gas delivery devices is typically a labor 

intensive and time consuming process. The device must be disassembled to adequately 

clean the nozzle holes and interior plenums, interrupting the process for an extended 

period of time and significantly reducing the efficiency and output of the processing 

system. The nozzles with devices such as the gas distribution ring may not be removed 

or replaced because they are an integral component of the device. A gas distribution 

system which may be efficiently repaired and maintained without significantly interrupting 

the processing operation is desirable. 



WO 97/03223 PCT/US9d/10657 

OBJECTS AND STJMMAPy OF THF TNVFNfqnM 

It is a primary object of this invention to provide a gas distribution apparatus for 

injecting gaseous substances into a processing chamber. 

It is a further object of the invention to provide* gas distribution apparatus which 

provides a substantially uniform distribution of gas across the surface of a wafer. 

It is another object of the invention to provide a gas distribution system in which the 

nozzles may be efficiently and conveniently replaced. 

A more general object of the invention is to provide a gas distribution apparatus 

which may be economically manufactured and easily installed in a processing chamber, 

and which may be conveniently and efficiently repaired and maintained. 

In summary, this invention provides a gas distribution apparatus which is particularly 

suitable for delivering a gaseous substance to a processing chamber. The apparatus 

generally includes a plenum body mountable to the chamber, a replaceable nozzle 

structure removably mounted to the plenum body and at least one plenum formed for 

receiving a gaseous substance. The plenum body is formed with at least one conduit 

which is coupled to the plenum for delivery of the gaseous substance to the plenum. The 

nozzle structure has a plurality of nozzles coupled to the plenum and configured for 

injecting the gaseous substance from the plenum to the chamber. 

Additional objects and features of the invention will be more readily apparent from 

the following detailed description and appended claims when taken in conjunction with 

the drawings. 

BRIEF DESCRTPTTO^ nv THE rMAWTNr.c 

Figure 1 is a schematic perspective view, partially broken away, of a gas distribution 

apparatus in accordance with this invention, shown installed in a plasma-enhanced 

chemical vapor deposition system. 

Figure 2 is a front plan view, partially broken away, of the gas distribution apparatus 

of Figure 1. 

Figure 3 is a cross-sectional view taken along line 3-3 of Figure 2. 

Figure 4 is a cross-sectional view taken along line 4-4 of Figure 2. 

Figure 5 is a cross-sectional of a gas distribution apparatus in accordance with 

another embodiment of the invention. 
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PETAILFD DESCRTPTTn^ nF THF. INVENT^ 

Reference will now be made in detail to the preferred embodiment of the invention 

whtch is illustrated in the accompanying figures. Turning now to the drawings, wherein' 

like components are designated by like reference numerals throughout the various figures, 

attention is directed to Figure L 

Figure 1 shows a gas distribution apparatus 10 which is particularly suitable for 

deltvenrtg a gaseous substance to a chamber 12 of processing system 14. Processing 

system 14 is used for pjasma-enhanced chemical vapor deposition processing, although 

tt ts ti> be understood tha. tite apparatus 10 may also be used with other processes on .he 

^including, bu, not limited «o, chemical vapor deposition, etehing, high tempers 

film deposition, and the like. Processing system 14 genendly includes a chamber waU 

16 and a .op plate Ig enclosing tite chamber 12. A support assembly 20 suppons a wafer 

22 widun the chamber 12 for processing. ,„ «he prefened embodiment, the supp*. 

assembly 20 is an etectrostetic clamp assembly of flu, type discloted in co-pending 

appflcatton Serial No. (Flehr, Hohbach, Test, Attrition & Hater. Hie No A- 

62195/AJTOEM), .he disclosure of which is incorporated herein by reference. However 

outer wee of support systems such as a mechanical clamping chuck may be used if 

desrod. A plasma source 24 mounted to the top plate lg and substantially ajtially aligned 

wrth the wafer 22 generates a supply of plasma for eritancing U,e processing of the wafer 

22. Plasma source 24 is described in detail in co-pending application Serial No (Flehr 

Hohbach, Test, Attrition & Herben File No. A-62268/AJT), tite disclosure of which is 

mcoiporated herein by reference. 

Gas diatribuoon apparatits 10 is mounted to the chamber waU 16 below tite topplate 

18. In .he present embodiment, the distribution apparatus has an annular configuration 

with the outer peripheral surface 30 of tite apparatus being mounted te the chamber wall 

and the inner surface 32 defining a centra, opening which extends .hough the dilution 

apparams. A plurality of norales 34 injec. gas imo the processing chamber, with tite 

gaseous substencea (raveling inwardly ftom the distribution apparatits award me ^ 

a«s of Ute chamber. Tbe annular configuration of the gas dilution apparatus 

umformly distributes tite gases areund dte circumference of tite chamber while providing 

a passageway besween tite phsma source 24 and tite wafer 22. Separating the distiibutio. 

appararas 10 from the flow of plasma also provides for independen. contio! over tite 
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plasma density and the flow of the gaseous substances. As is indicated by the arrows in 

Figure 1, the plasma generated by the source 24 and the active species of the gaseous 

substance move downwardly onto the wafer surface in the RF field created between the 

distribution apparatus 10, chamber wall 16 and the support system 20, depositing a layer 

of film on the wafer. 

Although the annular configuration of gas distribution apparatus 10 is preferred, it 

is to be understood that other configurations are within the scope of the invention. For 

example, the distribution apparatus may have a rectangular or oval configuration if 

desired. Instead of one apparatus which extends continuously around the circumference 

of the chamber, one or more arcuate distribution devices may be employed if desired. 

Gas distribution apparatus 10 is of particular advantage in high-density, plasma 

enhanced processing because of the effects on the gas flow of factors such as the high 

density of the plasma, the low pressure of the processing chamber (less than 3-4 mTorr 

for high density plasma enhanced processes compared to more than 100 mTorr for 

conventional plasma-enhanced systems), and the relatively high energy of the elections. 

Because of the lower chamber pressure, the gaseous substances are moved by convection 

flow rather than free molecular flow. 

Turning to Figures 2-4, the gas distribution apparatus 10 will be described in greater 

detail. Distribution apparatus 10 generally includes a plenum body 40 mounted to the 

wall 16 of the chamber 12. In the present embodiment, the plenum body 40 is supported 

on a horizontally-extending ledge 42 of the chamber wall 12. Threaded fasteners 44 

distributed around the circumference of the plenum body extend through bores 45 formed 

in the plenum body and engage the chamber wall 16 to secure the plenum body to the 

chamber. The top plate 18 covers the plenum body and is secured to the chamber wall 

16 as is known in the art. As is shown in Figure 1, the plenum body 40 is positioned 

immediately beneath the top plate 18 in the present embodiment, although it should be 

understood that the location of the plenum body is subject to considerable variation 

depending upon such factors as the design of the chamber 12, the type of processing 

employed and the nozzle design. 

Plenum body 40 has two parallel, circumferentially extending channels 46 and 48 

formed in the plenum body. The channels 46 and 48 partially define a pair of plenums 

for receiving the gaseous substances employed in the processing of the wafer. Channels 



WO 97/03223 PCT/US9«/10657 

46 and 48 are each connected to a gas source 50, 52 through separate conduits 54 and 

56 formed in the plenum body 40. For high density, plasma-enhanced chemical vapor 

deposition one channel is coupled to a source of oxygen and the other to a source of 

argon and silane. However, various other gaseous substances may be employed 

depending upon the processing employed in chamber 12. As is shown in Figures 2 and 

3, the conduits 54 and 56 are L-shaped, extending outwardly and then downwardly 

through the plenum body 40 to intersect vertical supply lines 58 and 60 extending through 

the chamber wall 16. Conduits 54 and 56 are therefore circumferentially spaced around 

the plenum body 40. In other modifications of the inventions, the conduits may have 

other configurations and supply lines 58 and 60 may be replaced with lines which extend 

horizontally through the chamber wall 16. 

In the present embodiment, plenum body 40 includes only one conduit for each 

channel although more than one conduit may be employed if desired. In other 

modifications of the invention, plenum body 40 may include two or more conduits evenly 

spaced about the circumference of the plenum body and oriented to tangentially inject the 

gaseous substance into the plenum with the gaseous substance from each plenum flowing 

through the channel in the same direction. Tangentially injecting the gaseous substance 

offers the advantage of improving the tangential uniformity of the surface profile because 

of the improved distribution of gas within the plenum. 

A baffle 62 formed with a plurality of openings (not shown) is mounted in each 

channel 46 and 48 as is known in the art. Baffles 62 interrupt the flow of gas from the 

conduits 54 and 56 to the directly-adjacent nozzles 34 to diffuse the gas and more 

uniformly distribute the flow of gas around the circumference of the plenum body 40. 

The configuration of the baffles 62 is selected to provide an optimum distribution of gas 

and is subject to considerable variation. Moreover, the baffle 62 may be omitted if 

desired. 

A nozzle structure 70 is removably mounted to the plenum body 40, covering the 

channels 46 and 48 enclosing the plenums. The nozzle structure includes a plurality of 

first nozzles 34a substantially aligned with the channel 46 and a plurality of second 

nozzles 34b aligned with the channel 48 for injecting the gaseous substances retained in 

the plenums into the processing chamber. In the illustrated embodiment, the nozzles are 

integrally formed with the nozzle structure 70 by machining or other suitable means. In 
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other modifications of the invention, the nozzles may be mounted to the nozzle structure 

separately using threads, snap-fittings or other suitable securement means. The size, 

shape, spacing, angle and orientation of the nozzles is subject to considerable variation! 

In the present embodiment, the nozzles are uniformly spaced around the circumference 

of the nozzle structure 70, although if required the spacing may be varied to provide a 

more uniform distribution of gas. The nozzles are preferably configured to provide the 

layers formed on the wafer surface with a substantially flat profile. As is shown in 

Figure 2, the nozzles 34 are oriented at an angle in the range of 30° to 90° relative to 

the wafer plane. However, the nozzles may be oriented at other angles depending on the 

vertical distance separating the nozzle structure 70 and the wafer 22 and the desired 

deposition profile on the wafer. 

As is shown in Figures 2 and 4, nozzle structure 70 includes an annular flange 74 

for mounting the nozzle structure to the plenum body. A plurality of fasteners 76 engage 

the flange 74 and the plenum body 40 to securely mount the nozzle structure to the 

plenum body. A protective liner 78 formed of quartz or another suitable material extends 

across the annular flange 74 and plenum body to isolate the fastener 76 and the plenum 

body from the interior of the processing chamber. Seal rings 79 are compressed between 

the nozzle structure 70 and the plenum body 40 to isolate the plenums and prevent gas 

leakage between the plenums and between the plenums and the chamber 12. The seal 

rings are formed of a suitable material resistant to high temperatures such as Kalrez or 

Chemraz, but Viton O-rings may also be employed for lower temperature processes. 

The nozzle structure 70 may be conveniently removed from the plenum body by 

disengaging the fasteners 76 from the plenum body. Removing nozzle structure 70 

facilitates cleaning and maintenance of the gas distribution apparatus 10. If desired, a 

second nozzle structure may be mounted to the plenum body 40 while the first is cleaned, 

allowing the wafer processing to continue without an expensive and time amsuming 

delay. The second nozzle structure may have an entirely different nozzle configuration 

than the first if desired. The ability to conveniently remove the nozzle structure 70 

improves the efficiency of the repair and maintenance of the gas distribution apparatus 

10 and offers considerable flexibility in tailoring the nozzle design to a specific 

processing application. 
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When the distribution apparatus 10 is used with a plasma enhanced process as in the 

present embodiment, the nozzle structure 70 is exposed to a high potential RF energy 

field. As a result, gas distribution apparatus 10 is preferably grounded unless the nozzle 

structure 70 is formed of a dielectric material. Plenum body 40 and nozzle structure 70 

include mating surfaces 80 and 81 which are formed to maximize the surface contact 

between the plenum body 40 and the nozzle structure 70 to couple the nozzle structure 

70 to ground. The mating surfaces 80 and 81 are preferably plated with a suitable 

material such as nickel to enhance the surface-to-surface contact. The mating surfaces 

80 and 81 also provide a return path for the RF current when the support assembly 20 

applies an RF bias to the wafer. In other modifications of the invention, the junctures 

between the plenum body 40 and the nozzle structure 70 and the chamber wall 16 may 

be lined with a suitable dielectric material. 

In the embodiment shown in the figures, the nozzle structure 70 is positioned radially 

inwardly of the plenum body 40. However, in other modifications the nozzle structure 

70 may have other orientations relative to the plenum body. Moreover, the nozzle 

structure may be configured so that the injection points of the nozzles 34 are spaced a 

greater distance from the plenum body than is shown in Figures 2 and 3. The orientation 

and position of the nozzles relative to the wafer is subject to considerable variation within 

the scope of the present invention. 

Figure 5 shows another embodiment of a gas distribution apparatus 100 in accordance 

with the present invention. The distribution apparatus 100 includes a plenum body 102 

formed with three circumferentially extending channels 104 each defining a separate 

plenum for receiving a gaseous substance. Each channel 104 is coupled to a separate 

horizontaUy-extending conduit 105 formed in the plenum body 102 for joining the channel 

104 to a gas source (not shown). As is shown in Figure 5, the conduits 54 and 56 may 

be vertically aligned since the downward extending stretch of the uppermost conduit is 

omitted. The channels are enclosed by a nozzle structure 106 which includes a plurality 

of nozzles 108 associated with each channel 104 for injecting gaseous substances from 

the plenums into the chamber. As with the previously-described embodiment, the 

configuration of the nozzle structure 106 and the type, shape, size, number and spacing 

of nozzles 108 is subject to considerable variation within the scope of the invention. 
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With the embodiment shown in Figure 5, gas distribution apparatus 100 may be used 

to inject the same substance at two different flow rates. For example, one plenum may 

be coupled to a source of oxygen and the other two plenums may be coupled to source 

of argon and silane. The nozzles 108 may be arranged so that the nozzles of one of the 

two plenums are oriented to deliver the gaseous substance to the outer areas of the wafer 

and the nozzles of the other plenum are oriented to deliver the gaseous substance to the 

center areas of the wafer.  The different nozzle orientations which provide different 

surface profiles which, when combined, result in a substantially flat deposition across the 

wafer surface. The gas distribution apparatus 100 also may be used to separately inject 

three different gaseous substances into the processing chamber or, if desired, one of the 

plenums may be sealed using a suitable capping device if only two plenums are required 

for a particular process. 

Nozzle structure 106 is removably mounted to the plenum body 102 by a clamping 

device 110. Clamping device 110 includes a clamping plate 112 extending across the 

plenum body 102 and the outwardly extending flange 114 of the nozzle structure 106. 

A fastener 116 engages the clamping plate 112 and the plenum body 102 to removably 

secure the clamping device 110 and the nozzle structure to the plenum body 102. A 

compliant spacing element 118 is preferably positioned between the clamping device 110 

and the nozzle structure 106. A liner 120 formed of a suitable material such as quartz 

covers the clamping device and plenum body. The clamping device 110 is particularly 

suitable for use with nozzle structures 106 which are formed of brittle materials such as 

ceramic materials and quartz. 

The plenum body 40 or 102 is preferably formed of aluminum or another suitable 

metal. The nozzle structure may be formed of a metal such as aluminum or a dielectric 

material such as a ceramic material, quartz or other dielectric material. The clamping 

device 110 is preferably formed of a metal such as aluminum, while the fasteners 76 or 

116 and 44 are preferably formed of stainless steel. 

The foregoing descriptions of specific embodiments of the present invention have 

been presented for purposes of illustration and description. They are not intended to be 

exhaustive or to limit the invention to the precise forms disclosed, and obviously many 

modifications and variations are possible in light of the above teaching. The 

embodiments were chosen and described in order to best explain the principles of the 
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invention and its practical application, to thereby enable others skilled in the art to best 

utilize the invention and various embodiments with various modifications as are suited 

to the particular use contemplated. It is intended that the scope of the invention be 

defined by the Claims appended hereto and their equivalents. 
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1. A gas distribution apparatus for delivering a gaseous substance to a chamber 

comprising: 

at least one plenum formed for receiving a gaseous substance, 

a plenum body mountable to said chamber and having at least one conduit formed 

therein, said conduit being coupled to said plenum for delivery of said gaseous substance 

to said plenum; and 

a nozzle structure removably mounted to said plenum body, said nozzle structure 

having a plurality of nozzles coupled to said plenum and configured for injection of said 

gaseous substance from said plenum to said chamber. 

2. The gas distribution apparatus of Claim 1 in which said chamber includes a chamber 

wall having a top portion, a bottom portion and a side portion joining said top and bottom 

portions, and in which said plenum body is moun table to said side portion of said 

chamber wall. 

3. The gas distribution apparatus of Claim 1 in which said plenum body has an outer 

surface defining a periphery of said plenum body and an inner surface defining a central 

opening extending through said plenum body, said outer surface being mountable to said 

chamber. 

4. The gas distribution apparatus of Claim 1 in which said plenum body has an elongate 

channel formed therein, said channel partially defining said plenum. 

5. The gas distribution apparatus of Claim 1, and further comprising a baffle disposed 

in said plenum for uniformly distributing said gaseous substance between said nozzles. 

6. The gas distribution apparatus of Claim 1, and further comprising a clamping device 

removably mounted to said plenum body, said clamping device extending across a portion 

of said nozzle structure to removably secure said nozzle structure to said plenum body. 
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7. The gas distribution apparatus of Claim 1, and further comprising a plurality of 

fastening configurations removably securing said nozzle structure to said plenum body. 

8. The gas distribution apparatus of Claim 1 in which said nozzle structure is formed 

of a material selected from the group comprising ceramic materials, quartz, and metal 

materials. 

9. The gas distribution apparatus of Claim 1 in which said plenum body is formed of 

a metal. 

10. The gas distribution apparatus of Claim 1 in which said apparatus includes a plurality 

of plenums each formed for receiving a gaseous substance, said plenum body having at 

least one conduit coupled to each of said plenums and said nozzle structure having a 

plurality of nozzles coupled to each of said plenums. 

11. The gas distribution apparatus of Claim 1, and further comprising a second plenum 

formed for receiving a second gaseous substance, said plenum body having at least one 

second conduit formed therein and coupled to said second plenum for delivery of a 

second gaseous substance to said plenum, said nozzle structure including a plurality of 

second nozzles coupled to said second plenum for injection of said second gaseous 

substance from said second plenum to said processing chamber. 

12. An apparatus for injecting a gaseous substance into a processing chamber surrounded 

by a chamber wall comprising: 

at least one plenum for receiving a gaseous substance; 

a plenum body having an inner surface defining a central opening extending through 

said plenum body and a peripheral outer surface mountable to said chamber wall, said 

plenum body having at least one passageway formed therein and coupled to said plenum 

for delivery of said gaseous substance to said plenum; and 

a nozzle structure removably mounted to said plenum body, said nozzle having a 

plurality of nozzles coupled to said plenum for injecting said gaseous substance into said 

processing chamber. 
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13. The apparatus of Claim 12 in which said nozzle structure is removably mounted to 

said inner surface of said plenum body. 

14. The apparatus of Claim 12 in which said plenum body has a substantially annular 

configuration. 

15. The apparatus of Claim 12, and further comprising at least one additional plenum 

formed for receiving a gaseous substance, said plenum body including at least one 

additional passageway coupled to said additional plenum and said nozzle structure 

including a plurality of additional nozzles coupled to said additional plenum for injection 

of said gaseous substance from said additional plenum into said processing chamber. 

16. The apparatus of Claim 12, and further comprising a clamping device removably 

mounted to said plenum body, said clamping device extending across a portion of said 

nozzle structure to removably secure said nozzle structure to said plenum body. 

17. The apparatus of Claim 12, and further comprising a plurality of fastening 

configurations removably securing said nozzle structure to said plenum body. 
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4.  Q No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 

Remark on Protest [Hj   The additional search fees were accompanied by the applicant's protest 

□ No protest accompanied the payment of additional search fees. 

Form PCT/ISA/210 (continuation of first sheet(l)XJuty 1992)* 



INTERNATIONAL SEARCH REPORT International application No. 

PCT/U596/ 10657 

C (Continu ation). DOCUMENTS CONSIDERED TO BE RELEVANT 

Category* Citation of document, with indication, when appropriate, of the relevant paasagea Relevant to claim No. 

Y US 
liiu 

Y DE 
abs 

Y US 
line 

Y US 
38 

Y US 
col. 

Y US 
30- 

r JP, 
abs 

Y P US 
col 

r us 

3,1 

{ JP, 

figi 

( JP, 

( US 

5,217,559, A (MOSLEHI ET AL) 08 June 1993, col. 9,      1-6, i 
43 - col. 10, line 41, col. 12, line 40, figure 4. 

3715644, A (BACHEM ET AL) 01 December 1988,          1-6, 8 
ract, figures. 

5,105,761, A (CHARLET ET AL) 21 April 1992, col. 5,     1-6, 8 
16 - col. 8, line 22, figures. 

3,381,114, A (NAKANUMA) 30 April 1968, col. 3, line     1-6, 8 
col. 6, line 47, figures. 

5,422,139, A (FISCHER) 06 June 1995, col. 6, line 25 -     1-6, 8 
10, line 28, figures. 

4,834,022, A (MAHAWILI) 30 May 1989, col. 5, lines      1-6, 8- 
>9, figure 1 and 6. 

59-74629, A (SAKAMOTO ET AL) 27 April 1984,            1-6, 8 
ract, figures. 

5,500,256, A (WATABE) 19 March 1996, col. 3, line 65 - 4, 8, 
4, line 35, figures 1A, IB, and 1C. 

5,453,124, A (MOSLEHI ET AL) 26 Sepember 1995, col.   10, 11 
ine 24 - col. 4, line 7, figure 1. 

61-5515, A (TTO ET AL) 11 January 1986, abstract,           10, 11 
res. 

61-87319, A (TTO) 02 May 1986, abstract, figures. 5 

60- 98629, A (KOIKE) 01 June 85, abstract, figures. 5 

16 

16 

16 

16 

16 

16 

26 

0, 11, 15 

, 15 

, 15 

Form PCI7ISA/210 (continuation of second aheetXJuly 1992)* 


